directly correlated with dust exposure (10) . Lower respiratory tract symptoms include fever, chills, cough, wheeze, shortness of breath, and chest tightness (1) . Respiratory symptoms are associated with increased levels of inflammatory cytokines, neutrophils, and macrophages in the respiratory tract (13, 14) . Prolonged exposure to agricultural environment is associated with chronic obstructive pulmonary disease and bronchitis in livestock farmers and a decline in mean forced expiratory volume in 1 s (4). Exposure to agents found in agricultural environments is correlated with declines in lung function and respiratory symptoms, although roles of individual agents could not be identified (4) .
The poultry industry has grown rapidly in the United States and other countries in recent years and is a significant component of the United States agricultural economy (United States Department of Agriculture). In the United States alone, poultry industry employs Ͼ250,000 workers. The demand for low-cost and reliable supplies of meat and eggs has led to intensification and concentration of poultry production facilities. These changes have given rise to a number of environmental and worker health concerns. Because of the high density, the animal production poultry environment contains high levels of airborne dust. The poultry environment contains higher levels of dust, endotoxin, bacteria, and fungi, as well as ammonia and carbon dioxide, compared with the swine environment (18) . Poultry workers have higher prevalence and severity of lower and upper respiratory symptoms and chronic bronchitis compared with other agricultural workers (11, 18, 22) . Allergic and nonallergic rhinitis, hypersensitivity pneumonitis, and occupational asthma are also commonly found in poultry workers (11, 12, 23) . Despite a higher prevalence of respiratory symptoms and respiratory diseases in agricultural workers, molecular mechanisms mediating development of respiratory symptoms and respiratory diseases are not well understood. In particular, information on mechanisms mediating the effects of poultry dust on lung inflammatory responses is lacking. Because of the vital role the poultry industry plays in the agricultural economy, it is important to maintain and improve the status of workers' health. A better understanding of molecular changes in the lung in response to poultry dust exposure may provide insights into the development of newer interventions and treatments.
Lung epithelium, apart from serving as a physical barrier against microbial pathogens, particulates, and other environmental agents, also serves important functions in host defense. Lung epithelial cells control immune and inflammatory re-sponses through the production of a host of cytokines, chemokines, and other bioactive molecules (3, 16, 21) . Alveolar macrophages through their phagocytic and microbicidal actions provide the first line of defense in the lower respiratory tract (7) . In response to microbial pathogens and particulates, they produce cytokines and chemokines that control inflammatory responses (7) . Therefore, characterization of gene expression changes elicited by organic dust exposure in lung epithelial cells and alveolar macrophages is key to understanding lung inflammatory responses to organic dust. Our recent studies showed that poultry dust extract is a strong inducer of interleukin-8 (IL-8) levels in A549 and Beas2B lung epithelial and THP-1 monocytic cells (5) . Our studies also demonstrated that transcriptional and protein kinase signaling mechanisms mediate induction of IL-8 expression (5) . In this investigation, we studied the effects of poultry dust extract on the gene expression profiles of A549 alveolar and Beas2B bronchiolar epithelial and THP-1 monocytic cells to understand molecular mechanisms mediating lung inflammatory responses. We found that lung epithelial and THP-1 cells responded with unique changes in the gene expression profiles with induction of a host of inflammatory cytokines, chemokines, and other inflammatory proteins being common to all the three cells. Changes in the expression of cytokines and chemokines were validated by real-time quantitative (q)RT-PCR, ELISA, and Western immunoblotting in cells and by a mouse model of dust extract exposure. Pathway analysis indicates that dust extractinduced changes in gene expression influence functions related to cellular growth and proliferation, cell death and survival, and cellular development. This is the first report on organic dust-induced changes in gene expression profiles in lung epithelial and THP-1 monocytic cells.
MATERIALS AND METHODS
Cell culture. A549 (ATCC CCL-185) alveolar-like epithelial cells were maintained on plastic culture dishes in F12 K medium containing 10% fetal bovine serum. Beas2B bronchial epithelial cells (ATCC CRL-9609), normal human bronchial cells that have been virally transformed, were maintained on plastic culture dishes coated with fibronectin, bovine type I collagen, and bovine serum albumin in LHC 9 medium. THP-1 cells (ATCC TIB-202), a human acute monocytic leukemia cell line, were grown in suspension in plastic culture dishes in RPMI 1640 medium containing 10% fetal bovine serum and 0.05 mM ␤-mercaptoethanol. F12K and RPMI media contained 100 U/ml penicillin, 100 g/ml streptomycin, and 0.25 g/ml amphotericin B. A549 and Beas2B cells were placed in serum-free F12K and RPMI 1640 medium containing penicillin, streptomycin, and amphotericin B, respectively, overnight prior to treatment with dust extract. THP-1 cells were placed in serum-free RPMI 1640 medium containing 0.05 mM ␤-mercaptoethanol and penicillin, streptomycin, and amphotericin B overnight prior to treatment with dust extract. Normal primary human small airway epithelial (SAE) cells (Lonza) were grown on plastic culture dishes in small airway epithelial growth media (Lonza) and placed in serum-free RPMI 1640 medium containing penicillin, streptomycin, and amphotericin B overnight prior to treatment with dust extract. A549, Beas2B, and SAEC cells were ϳ80% confluent at the time of treatment. All cells were treated with dust extract in serum-free medium.
Preparation of dust extract. Broiler poultry dust settled on vertical surfaces was collected at 8 wk of growth of chickens from the poultry facility at Stephen F. Austin State University, Nacogdoches, TX. Aqueous extract of settled poultry dust was prepared as described previously (5) by extracting dust with serum-free F12K medium containing penicillin (100 u/ml), streptomycin (100 g/ml), and amphotericin (0.25 g/ml) or saline at a ratio of 1:10 (wt/vol).
RNA isolation and real-time qRT-PCR. RNA from cell cultures was isolated with TRI-Reagent (Molecular Research Center). We removed genomic DNA in RNA by treatment with DNase (Turbo DNA-free kit, Ambion) and quantified RNA by measuring absorbance at 260 nm. RNA was reverse transcribed with random hexamers to synthesize cDNA (Applied Biosystems). Typically, 200 ng of total RNA was reverse transcribed in 10 l reaction by incubation first at 25°C for 10 min followed by incubation at 48°C for 30 min, and finally the reaction mixture was heated at 95°C for 5 min to inactivate reverse transcriptase. Levels of mRNAs and 18S rRNA were determined by TaqMan probe based assay (Applied Biosystems). Reaction conditions for PCR were 40 cycles of 95°C for 30 s, 95°C for 5 s, and 60°C for 30 s. Levels of mRNAs were normalized to 18S rRNA levels. TaqMan gene expression IDs for target mRNAs are listed in Table 1 .
DNA microarray analysis. A549 and Beas2B cells (n ϭ 2) were treated with medium alone or medium containing 0.25% dust extract for 1 and 3 or 6 h, and THP-1 cells (n ϭ 2) were treated with medium alone or medium containing 0.1% dust extract for 1 and 3 h. Total RNA was isolated with Tri-Reagent, and the RNA integrity and quality were verified using an Agilent Bioanalyzer 2100 (Agilent Technologies, Palo Alto, CA). Gene expression profiles were performed using Illumina HumanHT-12 v4 bead array chips (Illumina, San Diego, CA). The HumanHT-12 v4 Expression Beadchip is a genome-wide gene expression array that targets Ͼ31,000 annotated transcripts with Ͼ47,000 probes derived from the National Center for Biotechnology Information Reference Sequence (NCBI). Synthesis of double-stranded cDNA, preparation and labeling of cRNA, and hybridization to HumanHT-12 v4 BeadChip (Illumina, San Diego, CA), washing, and scanning were performed according to Illumina standard protocols. Data were preprocessed with BeadStudio v3 (Illumina) using quantile normalization with background subtracted, and expressed genes were identified using a detection threshold of P Ͻ 0.01. The P values were determined by two-tailed t-test. Differential expression was assessed with Bonferroni correction and a false discovery rate of 0.05. Each of the two experiments was analyzed separately. Differentially expressed transcripts (P Ͻ 0.01) were subsequently analyzed using Ingenuity Pathway Analysis (IPA) software. Microarray analysis and analysis of microarray data were performed at the Quantitative Genomics Laboratory, the University of Texas Medical School at Houston. The microarray data sets can be accessed with the accession number GSE73063 from the NCBI Gene Expression Omnibus (GEO) repository. The complete manifest file for the arrays used in this study can be found at http://support.illumina.com/content/dam/ illumina-support/documents/downloads/productfiles/humanht-12/ humanht-12_v4_0_r2_15002873_b.txt.zip ELISA. Interleukin-6 (IL-6) and IL-8 levels in cell medium were determined by ELISA (R & D Systems) according to the manufacturer's protocol. Western immunoblotting. Cells were lysed in lysis buffer (50 mM Tris·HCl, pH 7.4, containing 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, 1 mM sodium vanadate, 2.5 mM sodium pyrophosphate, 15% glycerol, and protease inhibitors), and protein levels determined by Bio-Rad Protein assay. Equal amounts of protein were separated by SDS-PAGE on 10% Bis-Tris gels using MOPS as the running buffer and transferred to PVDF membranes by electroblotting. Membranes were reacted with primary antibodies overnight at 4°C and subsequently with secondary antibodies conjugated with alkaline phosphatase for 1 h at room temperature. Monoclonal antibodies against ICAM-1 (Santa Cruz Biotechnology) and tubulin-␣ (Thermo Scientific) at 1:500 and 1:200 dilution were used. Protein bands were visualized according to enhanced chemifluorescence detection method by reacting the membrane with the substrate followed by fluorescence scanning. Membranes were reprobed with actin or tubulin antibodies for the determination of actin levels that served as loading and transfer controls.
Exposure of mice to dust extract. The animal protocol had been approved by the Institutional Animal Use and Care Committee, University of Texas Health Science Center at Tyler. Female C57BL6 mice (18 -20 g) (The Jackson Laboratory) (n ϭ 4 for saline and n ϭ 7 for dust extract) of 8 -10 wk of age were first anesthetized with xylazine and ketamine and administered 50 l of poultry dust extract (20% in saline) or saline via intranasal instillation. After 2 h, mice were euthanized and their lungs instilled with Excell Plus fixative (American MasterTech Scientific, Lodi, CA) under a constant hydrostatic pressure of 20 cm and stored in the fixative for at least 24 h. Lungs were embedded in paraffin, and 5 m sections cut for histology and immunohistochemical analysis.
Immunohistochemical staining. We first subjected tissue sections to antigen retrieval by heating them in 10 mM sodium citrate, pH 6.0, containing 0.05% Tween 20 at 95°C for 5 min. Sections were immunostained using Ultravision Detection System kit (Thermo Scientific) according to the kit instructions. Polyclonal antibodies against keratinocyte chemoattractant (KC) (BioVision, Milpitas, CA), IL-6 (Santa Cruz Biotechnology, Santa Cruz, CA) and tumor necrosis factor-␣ (TNF-␣) (Pierce Biotechnology, Rockford, IL) at dilutions ranging from 1:100 were used in immunostaining experiments. Briefly, sections were incubated successively with primary antibody, biotinylated goat antipolyvalent secondary antibody, and streptavidinperoxidase conjugate. Reaction was visualized by incubation with 3-amino-9-ethylcarbazole, and sections counterstained with hematoxylin. Images were captured with a Olympus BX41 microscope.
Statistical analyses. Data are shown as means Ϯ SD or SE. In experiments in which levels in control or untreated cells were arbitrarily set as 1, statistical significance was determined by one-sample t-test. In others, paired t-test was used to analyze statistical significance. One-tailed P values Ͻ 0.05 were considered significant.
RESULTS

DNA microarray analysis of the effects of poultry dust extract.
We previously found that, in A549 and Beas2B cells treated with 0.25% dust extract, IL-8 mRNA levels increased after as short a time as 1 h of treatment to reach peak levels at 3 h and thereafter declined at 6 h (5). Although IL-8 levels at 6 h of treatment were lower than at 3 h, they were still significantly higher than in control cells. In THP-1 cells, 0.1% dust extract increased IL-8 mRNA levels after 1 h of treatment, and IL-8 mRNA levels continued to increase after 3 h with no appreciable decrease at 6 h (5). Our preliminary studies of the analysis of mRNA levels using Real-Time PCR Assay panel (Immune System Diseases Tier 1 H96, Bio-Rad) showed that exposure of A549 cells to 0.25% dust extract for 3 h significantly increased the mRNA levels of IL-6, IL-8, IL-1␤, CCL2, CCL5, ICAM-1, PTGS2, SOD2, and TLR4 (data not shown).
To determine changes in gene expression profiles, A549, Beas2B, and THP-1 cells (n ϭ 2) were exposed to medium alone or poultry dust extract (0.1% for THP-1 or 0.25% for A549 and Beas2B) for 1-3 or 6 h, and total RNA isolated and gene expression profiles determined by DNA microarray analysis using Illumina HumanHT-12 v4 Expression BeadChip. Exposure to dust extract (0.25%) for 1-6 h did not adversely affect the viabilities of A549 and Beas2B cells as assessed by MTS assay (data not shown). Exposure of THP-1 cells to 0.1% dust extract had no effect on the viability of cells after 1 h exposure but reduced viability by ϳ40% after 3 h exposure. Treatment with dust extract caused significant changes in the expression of genes in A549, Beas2B, and THP-1 cells (Table  2) . In A549 cells, exposure for as little as 1 h caused twofold or more increase in the expression of 38 genes in A549 cells but a decrease in the expression of only one gene. In Beas2B and THP-1 cells, exposure for 1 h increased the expression of 173 and 92 genes, respectively, while numbers of genes whose expression was decreased were much lower, 10 in case of Beas2B and 11 in case of THP-1. Exposure of A549 cells for 6 h reduced the number of induced genes; however, the number of downregulated genes increased marginally to three. In contrast, exposure of Beas2B cells to dust extract for 3 h increased the expression of 85 genes and decreased the expression of 78 genes, while in THP-1 cells, exposure for 3 h increased the expression of 798 genes and decreased the expression of 1,127 genes. The much larger changes in the expression of genes in THP-1 cells treated with dust extract for 3 h could be related to the reduced viability of cells. A comparison of induced transcripts (P Ͻ 0.01) by Venn diagram analysis was performed to identify unique and common transcripts in cells treated with dust extract for different periods of time. In A549 cells 33 or 17 genes were exclusively induced after treatment for 1 or 6 h with five genes in common for both time points, while in Beas2B cells 164 or 76 genes were exclusively induced after treatment for 1 or 3 h with nine genes in common for both time points, and in THP-1 cells 16 or 722 genes were exclusively induced after 1 or 3 h treatment with 76 genes in common for both (data not shown). A comparison of genes induced over twofold (P Յ 0.01) in A549, Beas2B, and THP-1 cell at 1 h of treatment with dust extract by Venn diagram analysis (15) shows that although dust extract treatment elicited unique changes in gene expression in each cell line, several genes were common between and among the cell lines (Fig. 1) .
DNA microarray experiments indicate that exposure to poultry dust extract increased the expression of various members of Gene expression levels were determined by DNA microarray analysis using Illumina HumanHT-12 v4 Expression BeadChip. Upward or downward arrow indicates Ͼ2-fold increase or decrease in expression levels (P Ͻ 0.01) compared with untreated cells.
cytokine (IL-6, IL-8, IL-11, IL-32) and chemokine (CCL2, CCL20, CXCL1, CXCL2, CXCL5) families, transcription factors (NF-B, Jun, ATF3, FosB, EGR1), and other proteins (SOD, PTGS2, CYP4B1, Cyr61) implicated in cellular stress in A549, Beas2B, and THP-1 cells. Lists of some of the significantly induced genes in A549, Beas2B, and THP-1 cells are shown in Tables 3, 4 , and 5, respectively. Data also indicate that several of these induced transcripts were differentially regulated in a time-dependent manner.
Validation of DNA microarray data. In agreement with DNA microarray data, preliminary experiments of the analysis of mRNA levels using a Real-Time PCR Assay panel (Immune System Diseases Tier 1 H96, Bio-Rad) showed that exposure of A549 cells to 0.25% dust extract for 3 h significantly increased the mRNA levels of IL-6, IL-8, IL-1␤, CCL2, CCL5, ICAM-1, PTGS2, SOD2, and TLR4 (data not shown). We analyzed the levels of these mRNAs in A549, Beas2B, normal human SAE, and THP-1 cells treated with dust extract by qRT-PCR. In agreement with the microarray data, treatment of A549, Beas2B, and SAE cells with 0.25% dust extract or THP-1 cells with 0.1% dust extract induced the mRNA levels of several chemokine/cytokines as well as PTGS2, SOD2, ICAM-1, Cyr61, and TLR4 (Fig. 2) . Increases in mRNA levels for chemokines/cytokines and other genes relative to levels in untreated cells varied between different cells. The degree of induction of each mRNA by dust extract varied between experiments likely due to extremely low levels of mRNAs in untreated cells; however, in each experiment treatment with dust extract was found to increase mRNA levels. ELISA (Fig. 3) and Western immunoblotting experiments (Fig. 4) show that dust extract increased IL-6 and IL-8 levels in cell medium and cellular ICAM-1 expression, further validating the inductive effects of poultry dust extract. Our preliminary studies indicated that administration saline (50 l) or dust extract (50 l, 20%) to mice via intranasal instillation increased lung KC, a mouse ortholog of IL-8, IL-6, and TNF-␣, to peak levels at 2 h postexposure, which subsided to control levels by 5 h (Mitchell C and Boggaram V, unpublished observations, 2015). Immunohistochemical staining of lung sections from control mice and mice ex- posed to dust extract for 2 h showed increased expression of KC and IL-6 in alveolar and bronchiolar epithelial cells and inflammatory cells, while increased TNF-␣ expression was found only in inflammatory cells (Fig. 5) .
Our recently published data suggested that lipopolysaccharide (LPS) present in poultry dust extract may not be solely responsible for IL-8 induction (5). In agreement with these data, exposure of A549 cells to Escherichia coli LPS modestly increased IL-6, IL-8, IL-1␤, CCL2, ICAM-1, PTGS2, and TLR4 mRNA levels in A549 cells (Fig. 6) . We have used aqueous extracts of poultry dust in our studies, as inclusion of detergents and organic solvents for extraction would adversely affect cell viability. We compared the effects of dust extract (0.25%, 2 ml) directly with that of dust particles (1 or 2 mg/ml, 2 ml) on the induction of inflammatory gene expression in A549 cells to determine the efficacy of induction (Fig. 6) . Results show that the dust extract at 0.25% (represents extract derived from 0.5 mg dust particles) was nearly as effective as dust particles at 0.5 and 1 mg/ml in inducing inflammatory gene expression, indicating that the extraction procedure has successfully extracted active components of dust particles. Changes (means Ϯ SE/SD, n ϭ 2-5) in the levels of transcripts induced by dust extract, relative to untreated cells, determined by qRT-PCR are also shown. Genes listed include cytokines, chemokines, and transcription factors and proteins implicated in inflammatory responses. Changes (means Ϯ SE, n ϭ 3) in the levels of transcripts induced by dust extract, relative to untreated cells, determined by qRT-PCR are also shown. Genes listed include cytokines, chemokines, and transcription factors and proteins implicated in inflammatory responses.
Pathway analysis of differentially expressed genes.
The changes in gene expression profiles in A549, Beas2B, and THP-1 cells elicited by poultry dust extract treatment were analyzed with the IPA bioinformatics program to predict cellular pathways and cellular functions influenced by dust extract treatment. Genes that were differentially expressed at P Ͻ 0.01 were imported into IPA and pathways analyzed. Putative molecular and cellular functions and the top canonical pathways in A549, Beas2B, and THP-1 cells predicted by the IPA are shown (Table 6 ). Analysis by IPA reveals that dust extractinduced changes in gene expression influenced functions related to cellular growth and proliferation, cell death and survival, and cellular development in all the three cell lines. Signaling pathways influenced by dust extract exposure shared by the different cell lines included IL-6, IL-17, and TNFR signaling pathways. The other noteworthy signaling pathways affected include LPS-stimulated mitogen-activated protein kinases (MAPK) signaling, toll-like receptor signaling, and NRF2-mediated oxidative stress response signaling.
DISCUSSION
We have used the DNA microarray analysis as a first screening step in identifying genes whose expression is altered by treatment with poultry dust extract. Our subsequent validation by qPCR, ELISA, Western blotting, and immunohistochemical staining provided more definitive quantification. Our data show that lung epithelial cells and THP-1 monocytic cells exposed to poultry dust extract express a wide variety of genes including cytokines (IL-6, IL-11, IL-32), chemokines (IL-8, CCL2, CCL20, CXCL1, CXCL2, CXCL5), PTGS2, an enzyme responsible for the production of inflammatory prostaglandins, ICAM-1, an intracellular adhesion molecule associated with inflammatory response, TLR4, whose activation leads to release of inflammatory modulators, and Cyr61, a secreted protein that promotes adhesion of endothelial cells. The expression of elevated levels of cytokines, chemokines, and other inflammatory mediators indicates that lung epithelial cells play important roles in the modulation of inflammatory involvement of prostaglandins and their metabolites such as prostacyclins and thromboxanes in eliciting lung inflammatory responses. Induction of SOD2 is perhaps a reflection of oxidant stress in dust extract-treated cells. The involvement of oxidant stress in the modulation of gene expression by organic dust is not known. Our unpublished studies (Boggaram V, 2015) have shown that exposure of A549 and Beas2B lung epithelial and THP-1 cells to poultry dust extract increases intracellular reactive oxygen species levels. Our experiments also indicate that aqueous poultry dust extract was equally potent as poultry dust particles in its ability to induce inflammatory gene expression, indicating its suitability for studying the effects of dust. Furthermore, poultry dust extract was significantly more effective than E. coli LPS to induce inflammatory gene expression, in agreement with our previous observations of the lack of effect of polymixin B, an inhibitor of LPS, on dust extract induction of IL-8 expression (5). Treatment with poultry dust extract induced early growth response 1 (EGR1), Jun, and FosB, members of the activator protein 1 (AP-1), and activation transcription factor 3 (ATF3), transcription factors. EGR1 is a zinc finger transcription factor that is involved in cellular stress responses (2) . AP-1 is a heterodimeric protein composed of members of the Fos, Jun, and ATF family of transcription factors and controls gene expression in response to a wide variety of stimuli that include microbial infections, cellular stress, cytokines, and growth factors (8) . ATF3 is a member of activation transcription factor/cAMP response element-binding (CREB) protein family of transcription factors and is involved in cellular stress response (6). We previously found that poultry dust extract increased AP-1 and NF-B DNA binding activities in lung epithelial and THP-1 cells and induced IL-8 promoter activity by binding to cognate DNA elements in the IL-8 proximal promoter (5) . Interestingly, EGR1 expression is controlled at the transcriptional level by AP-1, CREB, NF-B, as well as ETS1 (2, 20) , suggesting a complex transcriptional network controlling gene expression in response to poultry dust extract treatment. The activities of members of AP-1 and ATF3 family (9, 24) . Our studies have shown that poultry dust extract induction of IL-8 expression in lung epithelial and THP-1 cells is controlled by MAPK activation (5), pointing to the potential importance of AP-1, ATF3, and EGR1 in the control of lung inflammatory responses to poultry dust. Pathway analysis indicated that poultry dust extract-induced changes in gene expression influence cellular development, cell death and survival, cellular growth and proliferation in agreement with the functions of cytokines, chemokines, and other inflammatory proteins whose expression is altered. Some of the top canonical signaling pathways influenced by poultry dust extract treatment include IL-6, IL-10, IL-17A, MAPK, TNFR, ErbB, and HMGB1 signaling, indicating effects on immune and inflammatory responses.
Our experimental data of the inductive effects of poultry dust extract on the mRNA levels of cytokines, chemokines, ICAM-1, TLR4, and PTGS2 in A549, Beas2B, and THP-1 cells were quite similar to effects in primary normal human SAEC. This indicates that the effects of the dust extract to induce inflammatory gene expression in lung epithelial cells are independent of whether the cell was a tumor-derived or a transformed cell. Similar inductive effects on the protein levels of IL-6, IL-8, and ICAM-1 indicate that the effects of dust to increase mRNA levels resulted in similar increases in protein levels. Our group and others have reported that organic dust extracts induce IL-8 and IL-6 expression in lung epithelial cells via activation of protein kinase C and MAPK signaling pathways (5, 19) . Exposures of mice to poultry dust extract increased immunostaining for KC, IL-6, and TNF-␣ in lung epithelial and inflammatory cells in agreement with the cell culture data, further validating the proinflammatory effects of poultry dust in an animal model. It was recently shown that exposure of mice to swine barn dust extract increased IL-6, KC, and TNF-␣ levels in the bronchoalveolar lavage fluid and lung inflammation (17) . In summary, our studies have shown that lung epithelial and THP-1 cells respond to poultry dust extract treatment by expressing cytokines, chemokines, and transcription factors that serve important functions in immune and inflammatory responses. This study is the first genomewide expression investigation into the effects of organic dust on lung epithelial and THP-1 cells.
